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FIFO

• First In First Out Memory
• Typically used to buffer data that is written and read at different 

rates or sporadically
• Clock Domain Crossing 
• Safely transfer data between subsystems running on independent or 

asynchronous clock frequencies
• Rate Matching / Speed Buffering
• Temporarily store data when a producer device generates data faster than a 

consumer device can process it, or vice versa
• Burst Absorption
• Absorb sudden bursts of incoming data so the downstream processing logic 

does not drop data while getting ready – communications systems
• Communication Interfaces & Peripherals
• They are integrated into serial and parallel communication controllers—like 

UART, SPI, and I2C—to hold incoming or outgoing bytes until the main system 
or processor gets to them. 

• Data Streaming & Signal Processing
• Used in digital signal processors (DSPs) and audio/video pipelines to maintain 

strict chronological order during real-time data streaming. 
• Off-Chip Memory Buffering
• They queue and align data blocks before bursting them out to external 

memory components like DRAM or SRAM
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FIFO

• Simplified Block Diagram

Memory

W_ADDR

W_DATA

WE / WClk

R_ADDR

R_DATA
RE / RClk

W_ADDR Ptr Logic

R_ADDR Ptr Logic

RSTB

WE / WClk

RE / RClk

Full
Empty
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FIFO

• Simplified Operation

ADDR DATA

0 A / E

1 B

2 C

3 D

Action W_PTR R_PTR Data In

Reset 0 0 x

W 0 → 1 0 A

W 1 → 2 0 B

W 2 → 3 0 C

W 3 → 0 0 D

R 0 0 → 1 x

R 0 1 → 2 x

W 0 → 1 2 E

R 1 2 → 3 x

R 1 3 → 0 x

R 1 0 → 1 x

CNT Full Empty Data 
Out

0 0 1 x

1 0 0 x

2 0 0 x

3 0 0 x

4 1 0 x

3 0 0 A

2 0 0 B

3 0 0 x

2 0 0 C

1 0 0 D

0 0 1 E
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FIFO

• Asynchronous Example



6 © tjELE 3510

FIFO

• Synchronous Example

FF
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FIFO

• VHDL – Entity / signals
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FIFO

• VHDL – w/r control
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FIFO

• VHDL – w/r pointers
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FIFO

• VHDL – write/read
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FIFO

• VHDL – entry tracking
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FIFO

• VHDL - status
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FIFO

• VHDL - RTL
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FIFO

• VHDL - SIM

Reset Write 1 item
Write

additional
items
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• VHDL - SIM

Read first
item

Attempt a write
while full

Fill
the

FIFO

FIFO
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• VHDL - SIM

Fill the
FIFO

Attempt a read
while empty

Empty
the

FIFO

FIFO
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• VHDL - SIM

Simultaneous
R/W

Write
→

First
Item

Full FIFO

FIFO

Read
first
item
(FF)
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